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(54) RADIATION DETECTION ELEMENT 



(57)Abstract: 

PURPOSE: To facilitate the hermetical sealing of a 
scintillator and to enhance detection efficiency 
without lowering resolving power by laminating a panel 
constituted by embedding scintillators in a plurality of 
recessed parts and a light detecting panel having a 
plurality of pixels to integrate both of them. 
CONSTITUTION: A two-dimensional optical sensor 
300 has many pixels 30 formed on a glass substrate 
200 as a two-dimensional array and a scintillator 
embedded panel 400 has many scintillators 42 
embedded in many recessed parts of a silicon 
substrate 41. The pixels 30 and the scintillators 42 
respectively correspond to each other at symmetric 
positions. Since the scintillators 42 are separated at 
every openings of the substrate 41, cross talk is 
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reduced and, therefore, high resolving power is 
realized. Further, since the interior of the substrate 
41 functions as the reflecting surface of scintillation 

light, detection efficiency is high. Furthermore, since a reflecting film 44 is provided, 
detection efficiency further becomes high. Since the deliquescent scintillators are protected 
by the adhesion of the panel too or the sensor 300, the deterioration of sensitivity is 
prevented. 
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Attorney 

(and three others) 
(54) [Title of the Invention] Radiation detecting 
element 
10 (57) [Abstract] 

[Object] An object is to improve a radiation detecting 
element . 

[Means] A scint illator-embedded panel constituted by- 
embedding scintillators in a plurality of concavities 

15 formed on a substrate at a prescribed pitch and a 

light-detecting panel having a plurality of pixels are 
affixed together to integrate them. Moreover, the 
detection efficiency is increased without reducing the 
resolution by allowing the thickness of the 

20 scintillators to be increased in accordance with the 

depth of the concavities. Furthermore, moisture 
resistance and detection efficiency are increased 
through the formation of a moisture-proof protective 
film and a reflective film. 

25 
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[Claims] 

[Claim 1] A radiation detecting element wherein a 
scintillator-embedded panel constituted by embedding 
scintillators in a plurality of concavities formed on a 
substrate at a prescribed pitch and a light -detecting 
panel having a plurality of pixels are affixed together 
to form an integral entity. 

[Claim 2] The radiation detecting element according to 
Claim 1, wherein said plurality of pixels on said 
light-detecting panel are formed at the same pitch as 
said plurality of concavities formed in said 
scintillator-embedded panel, and each of said plurality 
of pixels is positionally corresponding to one of said 
plurality of concavities. 

[Claim 3] The radiation detecting element according to 
Claim 1, wherein said plurality of concavities in which 
said scintillators are embedded are sealed off by said 
light-detecting panel. 

[Claim 4] The radiation detecting element according to 
Claim 1, wherein the surface of said scintillators is 
covered by a moisture-proof protective film. 

[Claim 5] The radiation detecting element according to 
Claim 1, wherein a light-reflecting film is formed on 
the surface of said scintillator-embedded panel on the 
side opposite from said light-detecting panel. 

[Detailed Description of the Invention] 

[0001] 

[Technological Field of the Invention] The present 
invention relates to a radiation detecting element. 
[0002] 

[Prior Art] A radiation detecting element comprises 
scintillators combined with a light-detecting panel, 
and one example of this conventional teclnnology 
consists of a two-dimensional light sensor on which 
scintillators are mounted to the entire surface 
thereof. However, this technology entails the 
disadvantages that the resolution is reduced by cross- 
tallc among the scintillators, and the two-dimensional 
sensor is easily damaged. 

[0003] On the other hand, another radiation detecting 
element Jcnown in the prior art receives via a two- 
dimensional sensor light that has passed through an 
optical fiber plate having scintillators mounted to the 
top thereof. However, the optical fiber plate is 
costly, and malces the apparatus large in size. 
Furthermore, if the thiclcness of the scintillators is 
increased in order to increase detection efficiency. 



the resolution can easily decline. 

[0004] In order to remedy the f laws in the 

conventional art described above, a technology has been 
proposed in which numerous concavities and protrusions 
are formed in the surface of an optical fiber plate and 
the scintillators are mounted in such concavities, such 
as the technology described in Japanese Patent Laid- 
Open 61-225739 and Japanese Patent Laid-Open 63-221279. 

[0005] 

[Problem Addressed by the Invention] However, 
according to the technology disclosed by the laid-open 
Japanese patents referred to above, in order to achieve 
pixel separation, spacers that equal or exceed the 
thickness of the scintillators must be located between 
the core glass and clad glass. If these spacers have 
the same height as the fiber radius, scintillator 
filling can be performed, and where low-energy 
radiation is to be detected by a high S/N detector, 
there are few problems. However, if high-energy 
radiation is to be detected by a two-dimensional light 
sensor comprising an amorphous semiconductor, the 
scintillators must have a thiclcness on the order of 300 
/xm. 

[0006] For example, if spacers having a length of 300 
fxm are mounted to the core or clad of fiber having a 
diameter of approximately 10 fxm, and scintillators 
having a diameter of several /xm are to be filled 
therein, it is extremely difficult to completely fill 
the entire surface of the fiber plate without the 
presence of flaws, and deficiencies or non-unif ormity 
in the amount of filling causes insufficient signal 
strength or a non-uniform resolution. Where a fiber 
plate having a large fiber radius (such as a radius of 
100 /xm) is used, [it] can be filled with scintillators 
uniformly, but because an accurate positional match 
with the photoreceptors of the two-dimensional light 
sensor cannot be obtained and the scintillators are 
embedded via total -surface etching, the light in the 
fiber at a position where there no photoreceptor exists 
is picked up as stray light by the surrounding sensors^, 
which also causes a reduction in resolution. 
[0007] Furthermore, using the technology of the laid- 
open Japanese patents described above, because the 
excitation light from the scintillators does not strike 
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the sensor, the numerical aperture becomes small and 
the amount of light is inevitably reduced, and as a 
result the thickness of the scintillators (i.e., the 
amount of etching) must be increased relative to the 
thickness used where the numerical aperture is 100%. 
This phenomenon further compounds the difficulty in 
scintillator filling described above. 

[0008] With either of the conventional technologies 
described above, in the case of deliquescent 
scintillators, the sensor itself must be placed in a 
sealed enclosure containing a vacuum or N2 gas. Japanese 
Patent Laid-Open 63-215987 describes an anti- 
deliquescence method in which xylene resin is deposited 

[onto the scintillator surface] using the CVD method 
after Csl is deposited, but it is very difficult to 
completely cover a scintillator surface that has many 
protrusions and indentations, and even a single pinhole 
can reduce sensitivity. 

[0009] An object of the present invention is to 
provide a radiation detecting element that resolves the 
problems with the conventional art described above. 

[0010] 

[Means to Resolve the Problem] The radiation detecting 
element pertaining to the present invention is 
characterized in that a light -detecting panel having a 
plurality of pixels is affixed to a scintillator- 
embedded panel constituted by embedding scintillators 
in a plurality of concavities formed on a substrate at 
a prescribed pitch, to form an integral entity. 
[0011] 

[Operation] According to the construction of the 
present invention, because the scintillator-embedded 
panel and the light-detecting panel are glued together 
and integrally formed, the scintillators can be easily 
sealed. In addition, because [the scintillators] are 
embedded in concavities, the thickness of the 
scintillators can be increased to match the depth of 
the concavities, and detection efficiency can be 
increased without reducing the resolution. Moreover, 
moisture resistance and detection efficiency can be 
even further improved by forming a moisture-proof film 
and a reflective film [on the scintillator surface] . 
[0012] 

[Embodiments] Several embodiments of the present 

invention will be described below with reference to the 
attached drawings . 

[0013] First, before the important elements of the 



embodiments are described, the overall construction of 
the radiation detecting apparatus that uses the 
radiation detecting element of the present invention 
will be described. Fig 10 is a perspective view of this 
overall construction, in which a lead radiation 
shielding plate 100 is shown raised above the other 
components. A two-dimensional light sensor 300 
comprising photodiodes (PD) and thin- film transistors 
(TFT) are formed in the center of a glass substrate 
200, and a scintillator-embedded panel 400 is affixed 
on top of the light sensor 300. Furthermore, a vertical 
shift register 500 is located on the glass substrate 
200 such that it runs along one side of the two- 
dimensional light sensor 3 00, and a horizontal shift 
register 600 is located on the glass substrate 200 such 
that it runs along another side of two-dimensional 
light sensor 300. The vertical shift register 500 is 
used for pixel scanning, the horizontal shift register 
600 is used for data output, and the output data is 
output as image signals from an amplifier 700 located 
on the glass substrate 200. 

[0014] In this embodiment, in connection with the 
substrate construction described above, the two- 
dimensional light sensor 300 and the scintillator- 
embedded panel 4 00 are affixed together, and this 
aspect is shown in the partial cutaway perspective view 
shown in Fig. 1. Specifically, the two-dimensional 
light sensor 300 has a plurality of pixels 30 formed as 
a two-dimensional array on the glass substrate 200, 
while the scintillator-embedded panel 400 has a 
plurality of scintillators 42 that are embedded in a 
plurality of concavities in a silicon substrate 41, and 
the pixels 30 and the scintillators 42 are arranged so 
as to face each other. 

[0015] Using this radiation detecting element, when 
radiation such as X-rays or gamma (y) rays strikes the 
radiation detecting element from the top in Fig. 1, 
light is emitted from the scintillators 42, and these 
photons are detected by the pixels 30. This output is 
read out by the vertical shift register 500 and the 
horizontal shift register 600 and is then amplified and 
output by the amplifier 700. 

[0016] The pixels 30 of the two-dimensional light 
sensor 300 have the construction shown in Fig. 2. Fig. 
2(a) is a plan view of a pixel 30, while Fig. 2(b) is a 
cross-sectional view of a pixel 30. Each pixel 30 has a 
photodiode 31 that functions as a light-detecting cell. 



as well as a thin- film transistor 32 that functions as 
a switch, and the photodiode 31 comprises a Pin silicon 
photodiode on the source electrode of the thin- film 
transistor 32. The anode electrode 34 of the photodiode 
31 is connected to the common line 35, the drain 
electrode of the thin-film transistor 32 is connected 
to the drain line 36, and the gate electrode 37 is 
connected to the gate line 37. The drain line 36 is 
connected to the horizontal shift register 600 
described above, while the gate line 37 is connected to 
the vertical shift register 700 described above. In 
addition, a light -blocking film 38 is located above the 
thin-film transistor 32, separated [from the thin-film 
transistor 32] by an insulating film, in order to 
ensure that scintillation light does not strike the 
thin-film transistor 32. 

[0017] Fig. 3 is a cross-section showing the 

relationship between the pixel 30 and the scintillator 
42. Open holes corresponding to each pixel 3 0 of the 
two-dimensional light sensor 300 are formed in the 
silicon substrate 41 that comprises the base component 
of the scintillator-embedded panel 400, and the 
scintillators 42 are embedded in these holes. The top 
surface [of the silicone substrate 41] is covered by a 
protective film (Si02 film) 43, and an aluminum or 
chrome reflective film 44 is then formed on top of the 
protective film 43 . Using this construction. X-rays or 
gamma rays coming from above pass through the 
reflective film 44 and the protective film 43 and reach 
the scintillator 42, whereupon scintillation light is 
emitted. These photons strike the photodiode 31 and are 
detected. At the same time, because scintillation light 
that is emitted upward is reflected by the reflective 
film 44 and strikes the photodiode 31, detection 
efficiency is high. Csl (cesium iodide) or the like may 
be used as the scintillator 42 in this instance. 
[0018] Fig. 4 is a cross-section of a different 
example showing the relationship between the pixel 3 0 
and the scintillator 42. In this case as well, the open 
hole located in the silicon substrate 41 corresponds to 
the photodiode 31, and [here] Gd202S is embedded therein 
to form the scintillator 42. Because the scintillator 
42 exhibits no deliquescence in this case, the openings 
in the silicon substrate 41 are not sealed by the two- 
dimensional light sensor 300. The details regarding 
this construction will be described below. 
[0019] The manufacturing process used to affix the 



two-dimensional light sensor 300 to the scintillator- 
embedded panel 4 00 will now be explained. 

[002 0] Figs, 5 and 6 are cross-sections showing each 
manufacturing step corresponding to the embodiment 
5 shown in Fig. 3. First, a silicon substrate 41 in which 

the top surface and the bottom surface are <100> 
surfaces is prepared, and a protective film 43 
comprising Si02 having a thickness of approximately 1 /im 
is formed [thereon] via thermal oxidation (see Figs. 
10 5(a) and 5(b)). Thermal oxidation enables a film having 

no pinholes to be formed. 

[0021] Next, a plurality of openings 46 are formed in 
the top surface of the protective film 43 via 
photolithography. The number and positions of the 

15 openings 46 are set to match those of the pixels 3 0 of 

the two-dimensional light sensor 3 00 to which the 
scintillator-embedded panel 400 is to be affixed (see 
Fig. 5(c)). Here, where the openings 46 are formed 
using the lines of intersection of those <111> faces, 

20 from among <111> faces, that cross the <110> faces at a 

right angle and the <110> faces, and the silicon 
substrate is placed in a solution of potassium 
hydroxide, vertical open holes 47 are formed in the 
silicon substrate 41 via the difference in the etching 

25 rate (the rate in the vertical direction is 400 times 

the rate in the horizontal direction) (see Fig 5 (d) ) . 
[0022] A reflective film 44 used to reflect 

scintillation light is then formed by vacuum deposition 
of aluminum or the lil^e onto the protective film 4 3 

30 located on the bottom surface of the silicon substrate 

41 (See Fig. 6(a)). Next, the substance to comprise the 
scintillators 42, such as Csl (Na) , is embedded in the 
open holes 47 via deposition or melting, and the excess 
portion is removed (see Fig. 6(b)). 

35 [0023] After necessary processing is performed, a two- 

dimensional light sensor 3 00 separately formed on - a 
glass substrate 200 is oriented such that it faces the 
scintillator-embedded panel 400 together with the glass 
substrate 200 (see Fig. 6(c)), and the glass substrate 

40 200 and the scintillator-embedded panel 400 are glued 

together using an adhesive 49. When this is done, it is 
ensured that each individual scintillator 42 
corresponds to an individual photodiode 31 (see Fig 
6(d)). 

45 [0024] Using the radiation detecting element formed 

using the process described above, because the 
scintillators 42 embedded in the open holes 47 in the 
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silicon substrate 41 are not only covered by the 
protective film 43 via the thermal oxidation method 
that does not result in pinholes, but are furthermore 
sealed off by the two-dimensional light sensor 300 via 
the adhesive 49, they are enclosed in an airtight 
fashion, and consequently the problem of deliquescence 
that occurs with Csl or the like does not occur. 
Furthermore, if Sis, N4 or the like is formed between 
the protective film 43 and the reflective film 44 via 
the sputtering method or the CVD method, the films are 
made stronger and the operating yield is improved. 
[0025] Fig. 7 shows the process corresponding to the 
embodiment shown in Fig. 4. First, open holes 47 are 
formed in a silicon substrate 41 as shown in Fig. 7(a) 
using the same steps shown in Figs. 5(a) and 5(b). 
Next, GdzOaS, which has a low susceptibility to 
deliquescence, are embedded [in these open holes] via 
the sedimentation method to form the scintillators 42 
(see Fig. 7(b)). When this is done, the Gd202S 
accumulates in areas other than the open holes 47, but 
a protective film (SiOa film) 45 and a reflective film 
44 comprising aluminum or the like are formed over the 
Gd202S without removing the Gd202S in such areas . The 
two-dimensional light sensor 300 is then affixed from 
the bottom, together with the glass substrate 200 (see 
Fig. 7 (c) ) . 

[0026] Where the process of this embodiment is 

conducted, because the scintillators 42 comprise Gd202S, 
which exhibits no deliquescence, the two-dimensional 
light sensor 300 can be affixed to the bottom surface 
of the silicon substrate 41. Furthermore, because the 
silicon substrate 41 has the ability to block the 
scintillation light, there is no need to remove the 
Gd202S from the top surface of the silicon substrate 41. 
[0027] Fig. 8 shows a process performed where the 
scintillator manufacturing process does not cause 
damage to the two-dimensional light sensor 300. First, 
the glass substrate 200 on which the two-dimensional 
light sensor 300 is formed and the silicon substrate 41 
on the surface of which the protective film 43 is 
formed are prepared, and the two substrates are affixed 
together. When this is done, alignment marks 91 are 
formed outside the light receiving area of the glass 
substrate 200. The protective film 43 is then coated 
with a photoresist film 92, and is exposed using a 
photomask 93. When this is done, alignment marks 99 are 
formed on the photomask 93 together with a chrome 



pattern 94 so as to correspond to the alignment marks 
91 on the glass substrate 200 (see Fig. 8(a)). 
[002 8] The photomask 93 is positioned in this manner, 
and openings 4 6 are formed through exposure, developing 
and selective etching of the protective film 43. 
Scintillators 42 comprising Gd202S are embedded using 
the sedimentation method, and after the unnecessary 
Gd202S is removed, the protective film 45 and the 
reflective film 44 are formed (see Fig. 8(c)). In this 
process, the accuracy of the positioning of the 
scintillators 42 and the pixels 30 is ensured using the 
alignment marks 91 and the alignment marks 99. 
[0029] Fig. 9 shows a modification of the radiation 
detecting element manufactured using [the process shown 
in] Fig. 8. Here, the formation of the open holes 47 
via etching of the silicon substrate 41 is conducted 
via an etchant that exhibits weak anisotropy. As a 
result, the open holes 47 are tapered, and the 
scintillators 42 are embedded therein. Where the light 
receiving surface of the two-dimensional light sensor 
3 00 has a small numerical aperture, the effective 
radiation detection area increases, which permits the 
S/N ratio to be improved. 

[0030] The effects and advantages of the embodiments 
described above are as follows. First, a characteristic 
advantage of these embodiments is that because the 
scintillators 42 are individually assigned to the open 
holes 47 in the silicon substrate 41, there is little 
cross-talk, allowing high resolution to be achieved. 
Furthermore, because the interior of the silicon 
substrate 41 operates as a reflective surface that 
reflects scintillation light, detection efficiency 
increases. Moreover, the use of a reflective film 44 
permits detection efficiency to be further increased. 
In addition, because the substance comprising the 
scintillator window is formed as an extremely thin 
layer, superior radiation- transparency can be achieved. 
[0031] An advantage of the manufacturing processes 
described above is that because the processes employed 
use the silicon wafer process, which is well- 
established as a semiconductor [manufacturing] process, 
the manufacturing cost is low. Furthermore, because the 
pattern by which the open holes 4 7 in which the 
scintillators 42 are embedded can be easily designed 
and changed, it can be matched to various types of two- 
dimensional light sensor 300. Moreover, the 
scintillator manufacturing processes can be conducted 



without causing damage to the two-dimensional light 
sensor 3 00. 

[0032] A further advantage of this device is that it 
is less expensive' than an optical fiber plate and 
5 offers a higher numerical aperture. In addition, it is 

relatively easy to make the device large in size. 
Furthermore, if the two-dimensional light sensor 300 
and the scintillator-embedded panel 400 are affixed 
together, because deliquescent scintillators 42 (such 
10 as those comprising Csl (Na) ) are protected by the Si02 

film and the reflective film 44, a decrease in 
sensitivity can be prevented without the need to house 
the scintillators in a sealed vacuum or N2 enclosure. 
[0033] 

15 [Effect of the Invention] As described above in 

detail, according to the present invention, because the 
scintillator-embedded panel and the light-detecting 
panel are affixed together and thereby integrally 
formed, the scintillators can be easily sealed off. 

20 Furthermore, because the scintillators are embedded in 

concavities, the thiclcness of the scintillators can be 
increased in accordance with the depth of the 
concavities, allowing detection efficiency to be 
increased without reducing the resolution. In addition, 

25 by forming a waterproof film and a reflective film [on 

the scintillator surface] , improved moisture resistance 
and detection efficiency can be obtained. 
[Brief Description of the Drawings] 

[Figure 1] A perspective view showing a partial cross- 
30 section of a radiation detecting apparatus in which the 

radiation detecting element pertaining to an embodiment 
[of the present invention] is applied; 

[Figure 2] A drawing showing the construction of a 
pixel 3 0 of the two-dimensional light sensor of an 

3 5 embodiment [of the present invention] ; 

[Figure 3] A cross-sectional view of the important 
parts of an embodiment [of the present invention] ; 

[Figure 4] A cross-sectional view of the important 
parts of a different embodiment [of the present 

4 0 invention] ; 

[Figure 5] A manufacturing process drawing 

corresponding to the embodiment shown in Fig. 3; 

[Figure 6] A manufacturing process drawing 

corresponding to the embodiment shown in Fig. 3; 
4 5 [Figure 7] A manufacturing process drawing 

corresponding to the embodiment shown in Fig . 4 ; 

[Figure 8] A manufacturing process drawing pertaining 
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to a modification; 

[Figure 9] A cross-sectional view of a modification; 
[Figure 10] A perspective view of a radiation 

detecting apparatus in which the radiation detecting 
5 element of the embodiments is applied. 
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